technique. The prepared glasses were investigated through X-ray diffraction, optical absorption, photoluminescence and decay measurements. Intensities of absorption bands expressed in terms of oscillator strengths (f) were used to determine the Judd-Ofelt (J-O) intensity parameters U l (l ¼ 2, 4 and 6). The evaluated J-O parameters were used to determine the radiative parameters such as transition probabilities (A R ), total transition probability rate (A T ), radiative lifetime (t R ) and branching ratios (b R ) for the excited 4 F 9/2 level of Dy 3þ ions.
Introduction
The development of rare earth (RE 3þ ) ions doped glasses with good thermal, mechanical and chemical durability are highly essential for the design of high performance lasers, optical amplifiers and white light emitting diodes (LEDs) [1, 2, 3, 4, 5, 6] . Different multi-component borate glasses have been considered for technological applications in many areas and among them, the lithium zinc borosilicate (LZBS) glasses have attracted the researchers for the development of visible lasers and amplifiers due to their good optical transmission, low phonon energy, low glass transition temperature, high refractive index, high dielectric constant and high thermal expansion coefficient [7, 8, 9, 10] . 
Physical and optical measurements
The thickness and refractive indices of the prepared glasses play an important role in the estimation of luminescence parameters. So, the refractive indices (n) were determined by the Abbe's refractometer using sodium vapour lamp as a source. The optical absorption spectra were recorded using Jasco V-770 UV-VIS-NIR spectrophotometer. The luminescence and decay measurements were performed using FLS-980 fluorescence spectrometer with xenon flash lamp as a source. All the spectral measurements were carried out at room temperature.
Results and discussion

Absorption spectrum and spectral analysis
The optical absorption spectrum of LZBSDy0.5 glass recorded in the region 500e2000 nm is shown in Fig. 2 . The spectrum exhibited twelve absorption bands and are assigned based on the earlier work done by Carnall et al. [11] . where εðnÞ is the molar absorptivity of a band at a wavenumber n (cm
À1
) which can be calculated from the Beer-Lambert's law. The calculated oscillator strengths ( f cal ) and the Judd -Ofelt (J-O) intensity parameters (U l ¼ 2, 4 and 6) are obtained from the experimental oscillator strength (f exp ) by the least square fitting method using the Eq. (2) [13, 14] .
where c is the speed of light, nis the wavenumber, h is the Planck's constant, n is refractive index of the glass, ðn 2 þ 2Þ 2 =9n is the Lorentz local field correction factor and accounts for dipole-dipole correction and (2J þ 1) is the degeneracy of the ground state. The electric (S ed ) and magnetic (S md ) dipole strengths can be calculated using the Eqs. (3) and (4) [11] .
where e is the charge of electron, U l (l ¼ 2, 4 and 6) are the JeO intensity parameters and jjU l jj are the doubly reduced matrix elements of rank 'l'. While calculating the intensity parameters, the oscillator strengths of 6 H 15/2 / 6 P 7/2 , 5/2 transitions were not taken into consideration due to their weak intensities. In order to know the quality of fit between the f exp and f cal values, it is necessary to find the root mean square deviation (d rms ). In the present case, the obtained d rms value is AE 0.35Â10
À6
, which indicates the best fit between the experimental and calculated oscillator strengths. For LZBSDy0.5 glass, the evaluated experimental (f exp ) and calculated (f cal ) oscillator strengths are shown in Table 2 and from which it is observed that, the intensity of 6 H 15/2 / 6 F 11/2 hypersensitive transition which is very sensitive to the host environment is higher when compared to the other transitions obeying the selection rules kDSk ¼ 0, kDLk 0 and kDJk 0.
The evaluated J-O intensity parameters for the LZBSDy0.5 glass are
À20 cm 2 and follows the trend U 2 > U 4 > U 6 . Similar trend has been observed for other Dy 3þ doped host matrices such as L6BD [15] , Ge-Ga-Se [16] , PKBFAD [17] and Dy:KLTB [18] as compared in Table 3 . The higher magnitude quantity of U 2 parameter indicates the lower degree of symmetry around the active ion and stronger covalence of active ion-oxygen ligand bond. Whereas, the U 4 and U 6 parameters are related to the bulk properties such as viscosity, stability and rigidity of the host medium in which the ions are doped [19, 20, 21] . In the present investigation, considerably higher magnitude of U 2 indicates higher degree of asymmetry around the Dy 3þ ions and relatively weaker covalence of active ion-oxygen bond.
Photoluminescence
The luminescence spectra of LZBSDyx (x ¼ 0.1, 0.5, 1.0 and 2.0 mol %) glasses recorded by exciting with 385 nm wavelength are shown in Fig. 3 . The emission Fig. 4 . 
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From the luminescence spectra, it is noticed that, the emission intensity of To know the spectral behaviour of near white light produced by the broadband light sources can be characterised by the correlated color temperature (CCT) values which can be calculated by using the Eq. (5) and is familiar as Mc Camy's formula [24] .
CCT ¼ 449 n 3 þ 3525 n 2 þ 6823.3 n þ 5520.33 (5) where n ¼ ðxÀ0:3320Þ ð0:1858ÀyÞ
.
As per the CCT ratings for a light source if CCT values below 3200 K are referred as "warm sources" and above 4000 K are considered as "cool in appearance" [24] . The CCT values obtained for LZBSDy0.1, LZBSDy0.5, LZBSDy1.0 and LZBSDy2.0 glasses are 6002, 6040, 6102 and 5722 K and also presented in Table   4 . It is observed that, all the CCT values are above 4000 K and can be concluded that the prepared glasses are usually considered as "cool" in appearance [24] .
Radiative properties
From the emission spectra of LZBSDyx (x ¼ 0.1, 0.5, 1.0 and 2.0 mol%) glasses, various radiative properties such as transition probabilities (A R ), total radiative transition rate (A T ), radiative lifetimes (t R ), luminescence branching ratios (b R ) and emission cross-sections (s e ) are determined for the JJ / J 0 J 0 emission transitions using the Eqs. (6), (7), (8), (9) and (10) [25] .
The experimental branching ratios (b exp ) are determined from the relative areas under the emission peaks and stimulated emission cross-sections (s e ) between JJ and J 0 J 0 levels are given by [25] .
where l P is the emission peak wavelength and Dl eff is the effective linewidth of the emission band. Various radiative parameters of 4 F 9/2 / 6 H 15/2, 13/2 & 11/2 transitions in LZBSDy0.5 glass are presented in Table 5 . The values of s e and (s e Ât R ) for 4 F 9/2 / 6 H 13/2 transition are found to be 20.15Â10 À22 cm 2 and 9.87 Â10 À25 cm 2 , respectively and are in good agreement (Table 6 ) with other Dy 3þ doped glass hosts [26, 27, 28, 29] . Relatively higher values of the gain bandwidth (s e ÂDl P ) and optical gain (s e Ât R ) parameters for the 4 F 9/2 / 4 H 13/2 transition are critical to predict the amplification of the medium and so it is confirmed that the LZBSDy0.5 glass is a suitable candidate for photonic applications.
Luminescence decay analysis
The decay profiles of 4 could be due to the energy transfer through non-radiative decay rates (W NR ) at higher concentrations. One way of evaluating the W NR is using the Eq. (11) [25] :
where τ R and τ exp are the radiative and experimental lifetimes, respectively. The evaluated values of t R , t exp and W NR values for LZBSDy0.1, LZBSDy0.5, LZBSDy1.0 and LZBSDy2.0 glasses are presented in Table 7 . Moreover, the fluorescence quantum [25] and are presented in the Table 7 .
Conclusions
In the present study, different concentrations Dy 3þ ions doped LZBS glasses of high optical quality were prepared and characterized through XRD, optical absorption, 
